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Computer-assisted surgery implant surgery (dCAIS) system based on a cone beam computer tomography (CBCT) image, with and without
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superimposing a standard tessellation language (STL) file of an intraoral scan of the patient.

Methods: Ten identical resin models simulating an upper maxilla with posterior edentulism were assigned to two
groups. In the CBCT+STL group, a CBCT file and an intraoral STL file were superimposed and used for regis-
tration; in the CBCT group, registration was performed using CBCT images. Six implants were placed in each
model using the Navident® dynamic navigation system. Anatomy registration was performed by tracing fiducial
points on the CBCT or STL image, depending on the group. Preoperative and postoperative CBCT images were
overlaid to assess implant placement accuracy.

Results: Sixty implants were analyzed (30 implants in each group). 3D platform deviation was significantly lower
(mean difference (MD): 0.17 mm; 95 % confidence interval (CI): 0.01 to 0.23; P = 0.039) in the CBCT+STL group
(mean: 0.71 mm; standard deviation (SD): 0.29) than in the CBCT group (mean: 0.88 mm; SD: 0.39). The
remaining accuracy outcome variables (angular deviation MD: -0.01; platform lateral deviation MD: 0.08 mm;
apex global MD: 0.01 mm; apex depth MD: 0.33 mm) and surgery time (MD: 3.383 min.) were similar in both
groups (p > 0.05).

Conclusions: The introduction of an intraoral scan (STL) seems to reduce deviations slightly in dental implant
placement with dCAIS systems. However, the clinical repercussion of this improvement is questionable.
Clinical significance: Superimposing an intraoral scan on the CBCT image does not seem to increase the accuracy
of dCAIS systems but can be useful when radiographic artifacts are present.

1. Introduction preoperative prosthetic-driven implant planning [1-3].
Nowadays, computer assisted implant surgery (CAIS) is a reliable
The use of cone beam computer tomography (CBCT) in implant treatment approach for dental implant placement. Several studies have
dentistry has allowed surgeons to make accurate assessments of the shown that these techniques are accurate, predictable, and allow a
available bone and the position of anatomic structures. Thus, the use of minimal approach in implant dentistry [4-9]. Two CAIS approaches
CBCT has reduced the risk of complications and has facilitated should be differentiated: Static CAIS (sCAIS) uses a rigid guide with
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sleeves to transfer the planned position of the dental implants to the
mouth, while dynamic CAIS (dCAIS) uses tomographic images in a
computer display to show the real-time position of the burs and the
implant relative to the virtual preoperative plan [10-12].

Both approaches require a CBCT scan to plan the implant position
preoperatively. Although CBCT provides excellent bone anatomy detail,
the anatomy of the teeth and soft tissues is not shown precisely enough
to manufacture a surgical guide [10,13]. Thus, sCAIS systems require
the CBCT images to be merged with the information acquired through
scanning the intraoral anatomy, either with an intraoral scan or by
scanning a stone cast [14]. This process achieves an adequate fit of the
guide in the mouth and, therefore, an accurate drilling sequence and
implant placement [13].

In contrast, dCAIS systems generally do not require preoperative
models of the dental anatomy or the soft tissues. The registration
concept in dCAIS systems is slightly different, as an “image-to-patient
registration” is performed [10,15]. This process, which consists of
virtually merging the CBCT images with the real patient’s anatomy, can
be carried out by using a radiographic marker placed on the patient’s
teeth before the CBCT, or by selecting different fiducial points (usually
teeth) on the CBCT and then tracing them on the patient (markerless
pair-point registration). Specific software will then recognize the pa-
tient’s position in relation to the CBCT images [15]. This tracing regis-
tration can be done on CBCT images or in a merged standard tessellation
language (STL) file.

Since the visualization of the anatomy of the remaining teeth is
usually not excellent in CBCT [16-19], the tracing of fiducial markers
might be imprecise, and this could affect the accuracy of dCAIS systems.
Nevertheless, there appear to be no studies on this topic. Thus, the aim of
this in vitro randomized study was to assess the accuracy of implant
placement using a dCAIS system with and without overlaying an
intraoral scan (STL file) of the model on the CBCT registration. The main
hypothesis was that superimposing a STL file obtained with an intraoral
scan onto the CBCT files would increase the accuracy of the dCAIS
system during implant placement.

2. Materials and methods

A randomized in-vitro study was performed to assess the accuracy of
Navident® navigation system v. 3.0.3 (Navident®, ClaroNav Technol-
ogy Inc.®, Toronto, Canada) using 2 different registration methods: in
the CBCT group, only the CBCT images were used for patient registra-
tion, while in the CBCT+STL group, registration was performed using
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CBCT images overlaid with an STL file of the model. The CONSORT
guidelines [20] were followed whenever possible throughout the study.
Fig. 1 shows the implant placement steps for each group.

Ten identical customized resin models (BoneModels®, Castellén de
la Plana, Spain) simulating bilateral posterior maxillary edentulism
(from the first premolar to the second molar) were employed in this
study. Five models were allocated to each group. All the models were
placed in a preclinical learning dental simulator with limited mouth
opening and with facial soft tissues simulating a real clinical scenario
(Frasaco GmbH, Tettnang, Germany) (Fig. 2).

The sample size was calculated using G*Power v.3.1.3 software
(Heinrich- Heine Universitat, Dusseldorf, Germany), based on the
assumption that a difference of 0.5 mm in the depth deviation would be
clinically significant. Considering a common standard deviation (SD) of
0.47 mm [21], an allocation ratio of 1:1, a risk of 0.05, and a power of 80
%, 30 implants (15 implants per group) were required. Since the im-
plants were not independent due to the two-level data structure (model
and implant), the number of models needed to be corrected. Assuming
an intrasubject correlation of 0.5 (moderate) and six implants for each
model, 60 implants (10 models) were placed.

2.1. Intervention

A preoperative CBCT scan (Vistavox S, Diirr Dental, Germany) of
every model was acquired (94 kV, 9 mA, 0.2 x 0.2 x 0.2 mm voxel size,
110 x 80 mm FOV). The models were fixed with a customized platform
to avoid movement during scanning. Additionally, the 5 models allo-
cated to the CBCT + STL group were scanned with an intraoral device
(3Shape TRIOS® 3D scanner, 3Shape A/S® Copenhagen, Denmark).

All the procedures were performed by a clinician with 4 years’ prior
experience in dCAIS (A.J-G). The surgeon placed a total of 60 implants
(Ocean 4 x 10 mm dental implants, Avinent Implant System, Santpedor,
Spain) following the drilling protocol recommended by the manufac-
turer (guide drill, pilot drill ¢1.6 mm, ¢1.6-2.4 mm drill, ¢ 2-3.3 mm
drill and ¢ 2.2-3.8 mm drill).

Six implants were planned in each model (3 per side) in the first
premolar, first molar and second molar positions [implant positions (FDI
World Dental Federation notation): 14, 16, 17, 24, 26 and 27]. The
position of the virtual crowns was considered when deciding the implant
positions and a virtual wax up was made using software tools.

2.1.1. CBCT group
Digital imaging and communication in Medicine (DICOM) files of the
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Fig. 1. Infographic showing all the steps for each study group (CBCT group and CBCT + STL group). A total of 60 implants were placed in 10 models. STL: Standard
Tessellation Language (intraoral scan files); CBCT: cone beam computer tomography.
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Fig. 2. Preclinical simulation scenario. A. Phantom head with optical markers. The patient optical marker was a head mounted device supported on the nasion, head,
and ears. B. Surgical field with oral surgery instruments, handpiece with optical marker, tracer with optical markers and drill axis and tip calibrator.

CBCT scans were uploaded to the navigation system software (Navident
®, ClaroNav Technology Inc. ®, Toronto, Canada).

Optical markers were attached to the handpiece and dental simulator
before the procedure (Fig. 2). The optical marker on the patient was a
head mounted device supported on the nasion, top of the head, and ears;
while the handpiece optical marker was screwed onto a metallic abut-
ment attached to the handpiece. In the registration process, the clinician
could select any five fiducial points on the clearest incisal edges or cusp
tips of the remaining teeth in the CBCT image. To achieve accurate
registration for all the implants, the fiducial points were selected as far
apart as possible. Using a probe with an optical marker (tracer) (the
instrument on the right in Fig. 2B), the fiducial points were then traced
on the resin model. Following successful completion of registration, its
accuracy was assessed by touching several points with the tracer on the
model and checking the real time feedback from the navigation system
(Fig. 3 and Fig. 4A).

2.1.2. CBCT + STL group
In this group, both the CBCT (DICOM) and intraoral scan (STL) data
files were uploaded to the Navident ® software. Dental implant planning

Fig. 3. Markerless pair-point trace registration, touching several model teeth
with the tracer with optical markers.

and the placement of the optical markers were performed following the
method described for the CBCT group (Fig. 2).

The registration process consisted of selecting five fiducial points on
the STL file and tracing them on the dental model with the tracer (Figs. 3
and 4B).

2.1.3. Surgical procedure

A crestal incision was performed and an envelope flap was raised.
The drill tip and axis were calibrated with a specific device and the
implant site was prepared using the navigation system (Figs. 5A and 5B).
Accuracy was checked by placing the drill tip on a cusp before each step
in the drilling sequence. If any inaccuracy was detected, most probably
due to involuntary optical marker movements, re-registration was per-
formed, and the fiducial points were traced anew. Implant placement
was also guided by the dCAIS system.

A postoperative CBCT scan was performed on all the models with the
same settings as in the preoperative scan. A second blinded researcher
(V.R-R) overlaid the two CBCT scans (pre- and postoperative), using
EvaluNav software (Navident®, ClaroNav Technology Inc.®, Toronto,
Canada), to check the implant placement accuracy (planned position vs.
final position).

2.2. Blinding and randomization

Due to the nature of the study, it was not possible to blind the sur-
geon, as the navigation images were different. The researcher respon-
sible for overlaying the preoperative and postoperative CBCTs and
gathering the accuracy data was blinded, since the group variable was
coded.

The treatment sequence (CBCT or CBCT + STL) was randomized
using the www.randomization.com website (accessed in December
2021).

2.3. Outcomes
For each implant, five accuracy variables were registered:
o Platform three-dimension (3D) deviation (in mm): global deviation

at the entry point of the dental implant, measured in the three spatial
dimensions.
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Fig. 4. Screen view of markerless pair-point trace registration with Navident ® software. A. Cone beam computer tomography (CBCT) pair-point trace registration. B.

Standard Tessellation Language (STL) pair-point trace registration.

%

Fig. 5. Implant placement using the Navident dynamic computer assisted guidance (dCAIS) system. A. View of the surgical procedure using artificial models and the
phantom head with optical markers. B. Computer software interface during the surgical procedure.

o Platform two-dimension (2D) deviation (in mm): horizontal devia-
tion of the dental implant at the entry point in an occlusal view,
without considering depth deviation.

e Apex 3D deviation (in mm): global deviation at the apex of the dental
implant, measured in the three spatial dimensions.
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e Apex depth deviation (in mm): depth or vertical deviation of the apex
of the dental implant

e Angular deviation (in degrees): angular deviation between the two
axes of the implants.

Since manual selection of several points is required to overlap the
preoperative and postoperative CBCT images, intraexaminer agreement
and consistency were tested in 3 randomly selected models (90 mea-
surements). The measurements were repeated after 2 weeks. The
intraclass correlation coefficient (ICC) was 0.82 (95 %CI: 0.71 to 0.88; P
< 0.001) for absolute agreement.

The time spent performing the following procedures was also regis-
tered: CBCT + STL overlaying, registration and implant placement. The
number of additional registrations needed due to any inaccuracy was
also recorded.

2.4. Statistical analysis

The normality of scale variables was explored using the Shapiro-Wilk
test and through visual analysis of the P-P plot and box plot. Where
normality was rejected, the interquartile range (IQR) and median were
calculated. Where distribution was compatible with normality, the mean
and SD were used. Differences between groups of scale variables were
explored using parametric (Student’s t-test for independent or paired
samples) or nonparametric tests (Mann-Whitney U test or Wilcoxon
signed-rank test).

Multilevel linear regression models were conducted to evaluate ac-
curacy outcomes based on the guidance method using generalized
estimating equations (GEE). The GEE method was used to account for
the fact that repeated observations (several implants) were available in
the same model. Group (CBCT or CBCT+STL), region (premolar or
molar), implant position (first premolar, first molar and second molar)
and the interaction between them were included as predictor variables.
Adjusted beta coefficients for linear regression models including 95 %
confidence intervals (CIs) were obtained from the Wald x2 statistic.

SPSS version 27 (SPSS Inc., Chicago, IL, USA) was used for the sta-
tistical analyses. The level of significance was set at P < 0.05.

3. Results

Thirty dental implants were analyzed in each group. The results of
the accuracy variables are summarized in Table 1. A statistically sig-
nificant reduction in deviation was found in the CBCT+STL group
regarding the mean global 3D platform deviation (Mean difference
(MD): 0.17 mm; 95 % CI: (0.01 to 0.34); P = 0.039). No statistically
significant differences were observed in the remaining accuracy

Table 1
Summary of accuracy variables.
Accuracy variable CBCT CBCT-+STL MD (95 %CI) P-
Mean Mean (SD) value
(SD)
Angular (°) 2.29 2.30 (1.91) —0.01 (—-1.09 to 0.989
(2.33) 1.07)
Platform global 0.87 0.69 (0.27) 0.17 (0.01 to 0.34) 0.039*
(mm) (0.38)
Platform lateral 0.63 0.54 (0.30)  0.08 (—0.06 to 0.259
(mm) (0.34) 0.23)
Apex global (mm) 0.97 0.95 (0.35) 0.01 (-0.19 to 0.893
(0.48) 0.22)
Apex depth (mm) 0.50 0.33 (0.25) 0.17 (-0.05 to 0.401
(0.55) 0.40)

CBCT: Cone beam computer tomography (CBCT); STL: Standard Tessellation
Language; SD: Standard deviation; MD: Mean difference (CBCT — CBCT+STL);
95 %CIL: 95 % Confidence interval.

Note: MD adjusted according to generalized estimating equations (GEE),
considering other covariates.
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variables (Table 1, Fig. 6). The CBCT group had a mean angular devia-
tion of 2.29° (SD: 2.33), a mean platform lateral deviation of 0.63 mm
(SD: 0.34), a mean apex global deviation of 0.97 mm (SD: 0.48) and a
mean apex depth deviation of 0.50 mm (SD: 0.55). The CBCT + STL
group had a mean angular deviation of 2.30° (SD: 1.91), a mean plat-
form lateral deviation of 0.54 mm (SD: 0.30), a mean apex global de-
viation of 0.95 mm (SD: 0.35) and a mean apex depth deviation of 0.33
mm (SD: 0.25).

The interaction between group (CBCT or CBCT+ STL) and implant
site (premolar, first molar or second molar) did not yield any statistically
significant difference for any of the accuracy variables assessed (P >
0.05), and similar results were obtained in the different implant site
positions (Fig. 6).

The time employed in placing the 6 implants in each model was
similar in both groups (P = 0.748). A mean of 29.2 min (SD: 5.04) was
necessary in the CBCT group and a mean of 28.1 min (SD: 5.56) in the
CBCT+STL group. Likewise, the registration time was also similar in
both groups (CBCT+STL group: 1.83 min vs. CBCT group: 1.56 min; P =
0.459). A mean of 2.44 min (SD: 0.46) was needed to superimpose the
CBCT and the STL file. Re-registration due to inaccuracies was required
in 4 models (3 out of 5 in the CBCT group and 1 out of 5 in the
STL+CBCT group; P = 0.17) (Table 2).

4. Discussion

The main aim of this trial was to assess whether performing an
intraoral scan improves the accuracy of dCAIS systems. To the best of
our knowledge, it is the first study to address this issue. It has shown that
this procedure improves the location of the implant platform (P = 0.039)
in comparison with the standard technique. Nevertheless, since the
improvement in accuracy was only 0.17 mm (95 %CIL: 0.01 to 0.34), it
cannot be considered clinically relevant in the present simulation sce-
nario. Thus, in the authors’ view, the accuracy outcomes of both groups
are similar, indicating that there is no need to merge the CBCT images
with STL files. Nevertheless, the introduction of an STL file could
significantly increase the accuracy of dCAIS if low quality CBCT scans
are used or when radiographic artifacts are present.

In sCAIS and dCAIS, the registration process is crucial to achieve
precise results. Nevertheless, this procedure is performed in totally
different ways. In sCAIS, registration consists in merging STL files
(intraoral scan data) and a DICOM file (radiographic data from the CBCT
scan) to accurately reproduce the dental anatomy, in order to fabricate
splints that fit the patient perfectly [22]. This process has been described
thoroughly in the literature [13,23]. A potential problem is that radio-
graphic artifacts, such as metallic restorations, orthodontic appliances,
or other dental implants, can distort the images [13,14,24,25]. How-
ever, dCAIS registration requires space coordinates of the patient’s po-
sition to merge this virtually with the CBCT images [15]. Hence, an
intraoral scan is not mandatory. Instead, fiducial markers or points must
be selected and placed [26]. In general, dCAIS systems use radiographic
fiducial markers, attached to intraoral splints or devices, which are
automatically detected by the software. During the surgical procedure,
the splint with the optical markers must be placed in exactly the same
location so that the software automatically registers the patient’s posi-
tion [27,28].

Recently, the introduction of a tracing technology that does not
require radiographic fiducial markers has enabled registration using
different anatomical fiducial points on the patient (usually located on
the remaining teeth). Thus, this process does not require placing an
intraoral device, and prior CBCT scans of the patient (without markers)
can be used to perform the guided surgery [29,30]. Nevertheless, certain
limitations need to be considered. Firstly, in fully edentulous patients, it
might be difficult to select fiducial points. In these situations, placement
of three to six miniscrews before the CBCT scan allows point-to-point
registration using the head of the screw as a reference [31]. Another
option is to fabricate a radiographic splint with at least three
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Table 2
Mean time recording for overlapping, registration, surgery, and recalibration.

Accuracy CBCT Mean CBCT+STL Mean MD (95 %CI) P-
variable (SD) (SD) value

Overlaying -
(minutes)
Mean (SD)

Registration
(minutes)
Mean (SD)

Surgery
(minutes)
Mean (SD)

Recalibrations
(minutes)
Mean (SD)

TOTAL
(minutes)
Mean (SD)

2.4 (0.47) - -

1.6 (0.5) 1.8 (0.6) 0.253 (—1.004 0.459

to 0.498)
26.9 (4.5)

23.52 (2) 3.383 (-3.125 0.265

to 9.925)

1.2 (0.2) 1.6* - -

29.2 (5.0) 28.1 (5.6) 1.113 (-5.521 0.748

to 8.862)

CBCT: Cone beam computer tomography (CBCT); STL: Standard Tessellation
Language; SD: Standard deviation; MD: Mean difference (CBCT — CBCT+STL);
95 %CI: 95 % Confidence interval.

" SD and 95 % CI could not be calculated since only one case in the CBCT+STL
group required recalibration.

radiographic fiducial marker points.

Several factors could limit the quality and definition of a CBCT scan.
Radiographic artifacts are especially relevant and might hinder correct
registration, since the tooth anatomy (edges and cusps) and microscrews
might not be fully recognizable. Thus, in patients with reconstructions,
brackets or prosthetic rehabilitations, a specific device with radiopaque
landmarks or at least three microscrews might be placed before per-
forming the CBCT scan and then traced during surgery. In these cases,
overlaying the STL and DICOM files corrects radiographic artifacts and
allows point-to-point registration without the introduction of any spe-
cific device. Ideally, for accurate overlay, at least three points should be
selected in both files, creating a wide triangle (for example, points
located on one anterior tooth and two posterior teeth) [25]. Hence, if
only unilateral or anterior teeth remain, the placement of additional
landmarks (bone anchored or adhesive) should be considered [32,33].
In addition, it should be noted that tooth mobility might also result in
inaccurate registration [29].

Pei et al. [34] compared 3 different markers (micro-screws, tooth
cusps and intraoral devices) in an in vitro study and concluded that
intraoral devices seem to be more accurate (angular deviation of 1.36
(SD:0.54)). It is important to stress that these authors reported high
deviations in all groups, in contrast with the outcomes of our study.

The findings of this study confirm that the use of an intraoral scan has

limited clinical repercussion, since the accuracy improvement was
imperceptible (less than 0.2 mm). Moreover, the alignment between the
STL file of the dentition and the CBCT data might be an additional source
of inaccuracies. However, this technique can provide additional infor-
mation (soft tissue thickness and emergence profile) that might improve
prosthetic planning [35,36]. The use of an STL file could also present
some advantages when radiographic artifacts hinder correct registration
on CBCT images. Additionally, while neither statistically significant nor
significantly increasing the overall procedure time, re-registration due
to inaccuracies was required in 3 out of 5 models in the CBCT group but
in only 1 out of 5 in the CBCT + STL group.

It is important to point out that, on some occasions, clinically rele-
vant deviations can occur when using dCAIS systems [5,29]. In the
present study, some implants presented angular deviations of more than
5° and lineal deviations of more than 1.5 mm. This is particularly rele-
vant when assessing the apex depth, since these inaccuracies might lead
to major complications (for example, inferior alveolar nerve damage).
For this reason, a safety margin should always be applied when per-
forming virtual implant placement planning.

This in vitro study has some limitations that should be discussed. In a
real clinical scenario, CBCT image quality might be affected by the pa-
tient’s movements or the presence of metallic artifacts. Also, this study
only addressed a specific situation (posterior maxillary edentulism).
Thus, future research should assess whether these findings are affected
by variables like the number and location of the missing teeth (anterior
versus posterior; maxilla versus mandible, single implants versus mul-
tiple implants, fully edentulous versus partially edentulous patients,
etc.) or by the presence of adjacent metallic elements. Generalization of
the results should also be treated with caution if other dCAIS systems are
used or less experienced surgeons are involved.

5. Conclusions

Performing an intraoral scan (STL file) of the patient seems to reduce
deviations slightly in dental implant placement with dCAIS systems.
However, the clinical repercussion of this improvement is questionable.
Nonetheless, this procedure might be of interest when radiographic ar-
tifacts are present or when information on the soft tissues can provide
useful data for prosthetic planning.
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